Populations spatially structured at the time of mating may experience local mate competition (LMC) and inbreeding, two factors known to select, in haplodiploid organisms. for a female biased sex ratio. Populations of the two Drosophila parasitoids Leptopilina boulardi and L. heleroloma could have such a structure because although males and females develop from different hosts. many hosts are clumped within fruits decaying on the ground. However, contrary to theoretical expectations, we found field sex ratios to be only slightly female biased (L. heterotoma) or even male biased (L. boulardi). This raised the question of whether populations of these two species experience any level of LMC and inbreeding. To address this question, we studied male and female spatio-temporal patterns of emergence, dispersal, and male attraction to females. Wc found that within days, emergence was synchronized, with males starting to emerge slightly before females. However, when emergence was analyzed day-by-day for individuals laid during the same oviposition bout, males and females emerged on different days. A similar analysis for fruits collected in the field showed that about 20'1" of males and 20% of females emerged in the absence of any potential mate. Furthermore, males dispersed from their natal sites soon after emergence, at a rate similar to that of con specific females. With laboratory and field experiments, we found that dispersing males were attracted to virgin females via in-flight orientation mediated by a volatile sex pheromone. These data suggest that the mating structures of L. boulardi and L. heterotoma differ from that assumed by classic LMC models. Because males disperse and search for females from other patches, local mate competition and inbreeding will be reduced to an extent depending on male mating success after dispersal. Inbreeding could also be reduced because synchronous emergence of males and females mainly results from asynchronous oviposition bouts, so that on-patch matings should concern unrelated individuals. Such a mating structure explains the absence of a strong sex ratio bias toward females in these two species. More generally. through a review of the published literature on sex pheromones, we suggest that mating structures with a non-negligible fraction of off-patch matings could be widespread among parasitoids.
er's argument predicts a sex ratio of 0.5 (defined as the proportion of males; Fisher 1930 , Charnov 1982 , Conover and van Voorhees 1990 . Conversely, in solitary parasitoids that develop quasi-gregariously (i.e., foundress females lay several eggs in each group of hosts) and gregarious parasitoids (i.e., foundress females lay several eggs in each host), given a number of additional assumptions, brothers compete for a limited number of females to mate, through a process called local mate competition (LMC; Hamilton 1967 , Frank 1990 , Antolin 1993 . This competitive desequilibrium between sons and daughters constitutes a bias from Fisher's (1930) model, which drives new predictions for the sex ratio.
Two important models predict how the proportion of males should decrease with increasing LMC. Hamilton (1967) modeled a situation with males mating exclusively on their emergence patch. The predicted sex ratio decreased with decreasing number of foundress females, from 0.5 when the local population is so large that mating is panmictic within patches, to 0 (or more realistically just enough males to mate all the females; e.g. Nagelkerke 1996) when the brood of a single female mate on the natal patch. We henceforward refer to this type of model as the "strict" LMC model. Later, Nunney and Luck (1988) modeled a similar situation, but also assumed males are able to disperse from their natal site after mating, and find other patches where they also compete for access to females (sec also Bulmer 1986 , Frank 1986 , Werren and Simbolotti 1989 , Ikawa et al. 1993 for other LMC models allowing male dispersal). Like Hamilton (1967) , Nunney and Luck (1988) predicted the sex ratio to decrease with decreasing number of females, but also with decreasing number of patches found by dispersing males. Male dispersal, or high number of foundress females, lessens the competitive asymmetry between sons and daughters and hence, diminishes the sex ratio bias toward females. We further refer to this type of model as the "partial" LMC model (sensu Hardy 1994) .
For parasitoids that are haplodiploid, the optimal sex ratio should also depend on the intensity of sib-mating, because sib-mating and the consequent increase in the population level of inbreeding results in an increase in mother relatedness to daughters but not to sons (Herre 1985 , Werren 1987 . Both strict and partial LMC models were modified to account for this effect, and predicted even more female biased sex ratios (Hamilton 1979, Nunney and Luck 1988) .
Frugivorous Drosophila larvae which serve as hosts for parasitoids are clumped among fruits fallen from fruit trees and decaying on the ground. As assumed in Hamilton's (1967) model, Carton et al. (1986) hypothesized that a number of parasitoid males and females develop synchronously in each fruit, and that males wait for female emergence so that only mated females disperse. In possible agreement with this scenano, OlKOS 86:2 (1999) Hardy and Godfray (1990) did not capture any males at oviposition sites in three species of Drosophila parasitoids (Leptopilina heterotoma, Asobara tabida and Tanycarpa punctata), and almost all (94-100%) females captured at these sites were mated. Furthermore, consistent with predictions from LMC theory, offspring sex ratios of individual females, measured in the laboratory, were female biased (Carton et al. 1986 ). However, contrary to this circumstantial evidence for strict LMC, field sex ratios of Drosophila parasitoids such as L. heterotoma, measured at emergence from field-collected fruits, did not differ from 0.5 (43 males and 40 females; Carton et al. 1986 ).
In the frame of the two models described above, unbiased sex ratios could result from large numbers of foundress females, high propensity of male dispersal and mating away from natal sites, and the consequent low level of inbreeding. To explore these hypotheses, we carried out a series of field and laboratory experiments, and observations, on two closely related species of quasi-gregarious Drosophila parasitoids, Leptopilina boulardi and L. heterotoma (Hymenoptera: Eucoilidae). We show that field sex ratios are indeed close to 0.5 in these two species, and that this could be explained by a mating system that includes: (a) spatio-temporal asynchronies between male and female emergence, leading to a low probability of on-patch mating and sib-mating; Cb) male dispersal away from natal patches at a rate similar to that of females; and (c) male orientation to con specific virgin females via volatile sex pheromones.
General methods
In field and laboratory experiments, we used l-2-d-old individual L. boulardi or L. heterotoma from a mass rearing renewed every year with wild-caught individuals from the Rhone Valley, France. Mated females were obtained by enclosing individual females with two males in a small glass vial until copulation was observed. Data were analyzed with the SAS statistical package (SAS Institute 1988) . When necessary, we give means and 95% confidence limits.
Local population size and sex ratio in the field

Methods
In order to test for the absence of a bias toward females, as suggested by Carton et al. (1986) , we carried out a time series of sampling in Leptopilina populations. Our study sites consisted of two orchards located near Valence, France. In orchard 1, there were about 100 trees producing a variety of fruits including cherries, apricots, peaches, nectarines and apples. Orchard 2 was smaller with about 30 trees producing cherries, plums, peaches, apples and persimmons. Both orchards were located in the vicinity of other orchards and none were treated with insecticides. As sampling units, or patches, we used split bananas placed at random under fruit trees (1 patch = 1 banana). While decaying, such fruits release ethanol which attracts frugivorous Drosophila and their associated parasitoids (Dicke et al. 1984) . Trap fruits were exposed to field populations for two weeks before being brought back to the laboratory for collection and identification of emerging wasps. For each fruit and each of the two species, we assessed local population size (number of individuals emerging) and sex ratio (proportion of males among these individuals). About 12 trap fruits were placed in each orchard every two weeks from 7 June to 26 October, 1995, for a total of II sampling dates and 241 samples.
Results
L. boulardi and L. heterotoma showed a different pattern of local population size and sex ratio (Fig. 1 L. hctcrotoma: 0.40 [0.32-0.48] ; t = 3.83, df = 256, p < 0.00(1). On average, the sex ratio of L. boulardi was significantly higher than 0.5 (t = 4.90, df= 171, p < 0.00(1) whereas the sex ratio of L. hetcrotorna was significantly lower than 0.5 (t = 2.08, df = 85, jJ = 0.04(3). The difference in sex ratio between species was confirmed by categorical data analyses. For all but two sampling dates, the proportion of males among emerging individuals was significantly higher for L. boulardi (X 2 tables of sex x species controlling for date, df = I, p < 0.05) and this difference held when averaged across all sampling datcs (Cochran-Mantel-Haenzel statistic: X~MH = 169.4, P < 0.001).
Temporal distribution of emergence Methods
For LMC and inbreeding to occur, sons and daughtcrs of one or a few foundress females must encounter one another and mate. This can be the result of males and females developing on a common site and either (l) emerging simultaneously on this site or (2) emerging asynchronously but remaining on the sitc until mating.
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To assess the probability of on-patch mate encounter, we studied the temporal pattern of parasitoid emergence at two complementary scales: between days and within days.
Bctween days, we analyzed the number of individuals emerging from fruits exposed to field populations as described above. We carried out two types of analysis, corresponding to the two possible assessments of onpatch probability of mate encounter mentioned above. First, assuming that only those individuals that emerge the same day from the same fruit encounter one another before dispersing (thus, assuming that parasitoids do not stay more than one day on fruits from which they emerge), we analyzed the number of insects emerging each day from each fruit. Because this is an intensive sampling effort, it was done for the first threc dates only. Parasitoids emerging each day from each fruit were collected and identified, for a total of 68 trap fruits and 1377 fruit x day measurements. Second, assuming that all individuals that emerge from the same fruit encounter one another whatever their day of emer- gence (thus, assuming that parasitoids stay on emergence patches until all individuals have emerged), we analyzed the total number of insects emerging from the same fruit, whatever their day of emergence. This was done for all sampling dates. Within days, we used a laboratory robotized image analysis system (described in Allemand et al. 1994 ) to analyze emergence rhythms at a finer time scale. With this system, and for each species, we simultaneously observed emergence from 448 D. melanogaster pupae parasitized as larvae during 24-h periods. To determine the time of parasitoid emergence, each pupae was enclosed in a circular glass cell (10 mm diameter, 2 mm height) scanned for 2 s every 10 min by the image analysis system. Observation of emergence was carried out in a climate-controlled chamber at 22 ± 0.5°C, 75%
relative humidity, and a L:D 12:12 photoperiod (1500 lux neon light from 08:00 to 20:00 and infrared light (wavelength> 720 nm) from 20:00 to 8:00). At the end of the observation, emerged parasitoids were sexed. Pupae which produced no wasp (ca 15%) were discarded.
Results
On average from field samples, males and fem&les apparently emerged simultaneously over more (L. boulardi) or less (L. helerotama) than 10 consecutive days OIKOS 86:2 (1999) (Fig. 2) . However, this apparent synchrony did not hold when each patch was analyzed individually. First, assuming that only parasitoids emerging the same day from the same fruit encounter one another before dispersal, the proportion of individuals encountering no mate at emergence was about 15% for females and 20% for males in L. baulardi, 25% for females and 20% for males in L. heterotoma (Table 2 ). Second, assuming that parasitoids emerging on the same fruit encounter one another before dispersal whatever the day of emergence, the percentage of individuals encountering no potential mate was close to zero for both sexes and both species (Table 2) .
In the laboratory, parasitoid emergence lasted over five consecutive days (Fig. 3) . During these five days, the temporal distribution of emergence differed between sexes with males emerging before females (average dif- Hence, almost all males emerged during the first two days (86.5% in L. heterotoma and 73.4% in L. boulardi) whereas most females emerged from the third day on (89% in L. heterotoma and 94% in L. baulardi). Thus, for individuals that developed from eggs laid over a single day, emergence of males and females was clearly asynchronous (Fig. 3) . Within days when both males and females emerged, a protandrous pattern of emergence was observed, with males and females generally emerging over the same period (the beginning of the photoperiod), but with males starting to emerge slightly before females (Table 3, Fig. 3 ).
Male dispersal Methods
Even if related males were emerging together, LMC would still depend on the competitive asymmetry between brothers and daughters and hence, the desequilibrium between male and female dispersal. In order to compare the dispersal rate of males and females from their emergence sites, we observed post-emergence distribution in a laboratory apparatus. In this experiment, a patch consisted of a large transparent plastic vial (3 348 cm diameter, 5 cm deep) two thirds filled with Drosophila rearing medium (David 1959) and initially infested with an inoculum of 200 Drosophila eggs. After 24 h (the time necessary for eclosion of first instar larvae) each patch was exposed to three L. boulardi or L. heterotoma females for two days. Patches were then incubated to allow development and pupation of host larvae in the rearing medium. After emergence of adult Drosophila from unparasitized hosts, patches were placed in a large Plexiglas cage (25 x 35 x 15 cm) for observation of parasitoid emergence and dispersal. The observation cage contained two types of patches: "standard" patches from which parasitoids emerged, and "late" patches in which hosts were exposed to parasitoids in the same way, but two days later. Thus, late patches contained only parasitized pupae. They were replaced in the course of the experiment so that no Such an apparatus reflects a natural environment. By using patches filled with medium in which both hosts and parasitoids had developed, we kept potential kairomones and pheromones that may affect male or female dispersal. Furthermore, by placing standard and late patches together in the same cage, we simulated a natural situation in which wasps emerge in the vicinity of other sites from which parasitoids are still developing, but not yet emerging. Each day at 11 :00 (the time at which almost all individuals emerging the same day have emerged; Fig.  3 ), we counted the number of males and females in three locations: standard patches (i.e., individuals which did not disperse or which dispersed but moved to other standard patches), late patches (i.e., individuals which dispersed and moved to late patches), and in the cage (i.e., individuals which dispersed but did not move to any kind of patches). This was done for each species, and in two replicated cages.
Leptopilina boulardi
Results
Males and females of L. boulardi and L. heterotoma emerged over several days in the two replicated cage. However, as their distribution did not differ between days and between cages, we further pooled the data over day and over cage. Globally, a large proportion of individuals dispersed from emergence patches to the cages (60-80%), fewer remained in their emergence patch or moved to other emergence patches of the environment (20-30%), and very few individuals were captured in late patches containing only parasitized pupae (0-10%). This global trend differed slightly between species (Fig. 4) emergence, males Leptopilina appear to disperse as much, or even more than females.
Off-patch mate attraction Methods
Although male dispersal is a prerequisite for diminishing LMC, the decrease in competition among brothers will still depend on their ability to find females further than their emergence sites. One possible way males could find females from other patches is through oriented flights mediated by volatile long-distance sex pheromones emitted by females. We thus studied long- distance attraction between males and females from different patches with both field and laboratory experiments.
In the field, we tested the attractiveness of live caged parasitoids. In orchard I, we used traps baited with five individual L. houlardi (either virgin females, mated females, or males), five individual L. heterotoma (virgin females), and empty traps as control. Conversely in orchard 2, we used traps baited with five individual L. heterotoma (either virgin females, mated females, or males), five individual L. boulardi (virgin females), and empty traps as control. Each trap consisted of a small cage made of two discs of polyester Ol·gandy glued on a slice of circular Plexiglas tube (4 cm diameter, 1 cm high). This cagc was inserted at the center of a white cardboard rectangle (11 x 15 cm). One trap of each type was anchored vertically on the ground, under a fruit tree, and this plot was replicated three times simultaneously in each site, but on different days for the two sites (5 September and 20 September, 1995, for orchard 1 and 2, respectively). After traps were set up, we collected parasitoids observed on each trap every 15 min from 10:45 to 15:30 in orchard 1 and from 11:30 to 17:00 in orchard 2. Males arriving at the traps had dispersed from their natal patch, and had been attracted by individuals baiting the traps.
In the laboratory, we used a wind tunnel to study in more detail the orientation of male L. boulardi and L. hererotoma to distant con specifics. The wind tunnel was similar to that used by Sheenan and Shelton (1989) . It consisted of a 30 x 30 x 60 cm Plexiglas flight chamber inside which air was flown at 10 cm s -1 and 21 ± 1 cc. To create a laminar airflow in the flight chamber, air pushed by a ventilator was forced into the chamber through a I-rn-long plastic conduct, via a layer of straws packed horizontally and then, via a layer of polyester organdy stretched just before 350 the entrance of the flight chamber. Air was flown out through the other end of the flight chamber. Two 18-W 60-cm-Iong fluorescent bulbs, suspended above the ceiling of the chamber provided light into the chamber. Individuals tested as odor sources (conspecific virgin females, mated females, or males) were enclosed in a cage similar to the ones used in the field experiment, but without cardboard (l0 individuals per cage). Empty cages were also tested as controls. The cage was hung in the wind tunnel 10 cm from the layer of organdy, and 15 cm from any side of the chamber. Males were released individually 30 cm downwind from the cage. For each tested male, we recorded whether landing occurred on the cage or elsewhere within 10 min from the release or before the male flew out of the tunnel, whichever was shorter. 
Results
In the field, most male L. boulardi were captured on traps baited with virgin female L. boulardi. All male L. heterotoma were captured on traps baited with virgin female L. heterotoma (Table 4 ). Casual observations during the experiment indicated that wild males were hovering around traps baited with virgin females before landing. In the laboratory, a higher proportion of males flew upwind and landed on the trap when the trap was baited with virgin females (L. boulardi: X! = 51.40, df = 3, p < 0.001; L. heterotoma: X 2 = 23.73, df= 3, p < 0.001; Fig. 5 ). In the wind tunnel, males could fly (hover) for up to several minutes, systematically orienting their body toward the wind.
Discussion
The proportion of males in L. boulardi (0.6) and L. heterotoma (0.4) was different from the 0.5 sex ratio reported by Carton et al. (1986) for L. heterotoma. These sex ratios contrast with field sex ratios of other gregarious or quasi-gregarious parasitoids with some local mate competition: 0.07 in Nasonia giraulti (King and Skinner 1991) ; 0.14 in Pachycrepoideus vindemiae (Nadel and Luck 1992, Taylor 1993) ; 0.2-0.3 in Trichogramma pretiosum and T. sp. near T. deion (Kazmer 1992) . They also contrast with "extraordinary [female biased] sex ratios" which originally motivated Hamilton's (1967) LMC model. These differences stimulate the question of whether L. boulardi and L. heterotoma experience any LMC and inbreeding.
Unbiased sex ratio under strict local mate competition
It is tempting to infer from unbiased field sex ratios that the assumption of strict LMC models with nondispersing males (e.g., Hamilton's 1967 model) do not apply to L. boulardi and L. heterotoma. However, an unbiased field sex ratio is not in itself a valid argument against such modeling assumptions, just as a female biased sex ratio does not guarantee LMC (Antolin and Strand 1992 , Heimpel 1997 , Ode et al. 1996 , 1997 . Even if male L. boulardi and L. heterotoma were not dispersing, as assumed by Hamilton's (1967) foundress females. The ESS sex ratio predicted by Hamilton's (1979) model for haplodiploids reaches 0.4 (as observed in L. heterotoma) for six foundress females and 0.5 (close to the observation in L. boulardi) for a few more foundresses. Such numbers of foundresses could have resulted from the conditions in which we sampled wild populations of L. boulardi and L. heterotoma. The orchards which served as field sites were part of an agricultural system. They were characterized by a wide range of fruit species favoring the maintenance of abundant host populations in the same area and over an exceptionally long period. Parasitoid growth rate in such an environment may have been much higher than in an unstable host population in which emigration or competition for scarcer resources would have decreased survival. With the same reasoning, the species-specific difference in sex ratio (more female biased in L. heterotoma) could have resulted from a species-specific difference in foundress number (lower in L. heterotoma). Assuming local population size to be proportional to foundress number (following Werren 1983), this is exactly what we found. Hence, observed sex ratios in Leptopilina could reflect a high number of foundresses, higher in L. boulardi than in L. heterotoma.
Asymmetric competition between sexes and the sex ratio
A key individual selective pressure for sex ratio biases is asymmetric competition between male and female progeny. In strict LMC models, this is encapsulated in the assumption that only females, not males, disperse from their natal sites, so that brothers compete for access to females more than daughters compete for oviposition sites (e.g., Hamilton 1967) . When this assumption is relaxed, optimal sex ratios return to 0.5 even when populations are geographically structured (Bulmer 1986) . In Leptopilina, males leave their natal sites within a few hours from emergence at a rate similar CL. heterotoma) or even slightly larger (L. boulardi) than that of females. Thus, competition between related males will be lower than expected by strict LMC models which assume that males do not disperse. In turn, the optimal sex ratio will be less female biased, to an extent depending on the remaining competitive asymmetry between brothers and sisters. This asymmetry will depend on male mating success after dispersing from emergence patches (e.g., M, the number of patches found by dispersing males in Nunney and Luck's (1988) model) . As demonstrated in the field or in the wind tunnel, dispersing males fly to virgin females through a series of orientation mechanisms, the clearest one being upwind flight when downwind from females. If the use of long distance sex pheromones was efficient, the competition brothers experience for access to females could be equal, or even lower, that the 352 competitIOn for hosts experienced by daughters. This could explain the male biased sex ratio in L. houlardi, a species in which males dispersed from emergence patches at a slightly higher rate than females. More generally, such results on male dispersal and sex ratio are consistent with recent studies suggesting that the female bias in mean sex ratio of parasitoids or fig wasps with LMC decreases as male dispersal ability increases (Hardy and Mayhew 1998a, b, West and Herre 1998) .
Inbreeding and the sex ratio
In haplodiploid organisms, inbreeding also selects for a female biased sex ratio. When levels of inbreeding are high, mothers are more related to daughters than to sons so that daughters are thus better pathways for transmitting genes to future generations (Herre 1985 , Werren 1987 . For three different reasons, our data suggest that inbreeding will be low in L. boulardi and L. heterotoma. First, if as hypothesized the number of foundresses is high, sib-mating will be rare. Second, even if the number of foundresses was low, the probability of brother-sister mating would be low because males and females laid during the same oviposition bout (i.e., sibs) emerge on ditTerent days due to protandry. Thus, sibs would have opportunities to mate on emergence patches only if foundresses were staying several days on the same oviposition site, or if males were waiting for females to emerge. However the latter does not apply because males disperse from the emergence patch. This pattern of emergence fundamentally differs from that of other parasitoids with LMC such as Trichogramma sp. In these species, individuals laid over the same 24-h period emerge over six days, but unlike Leptopilina, males and females emerge simultaneously every day (Pompanon et al. 1995) . Finally, the third factor responsible for low population levels of inbreeding is that some males disperse and mate off-patch with genetically unrelated individuals. Low levels of inbreeding in natural populations of Leptopilina may explain why female L. heterotoma do not manipulate their offspring sex ratio in response to their own degree of inbreeding, as expected (Hey and Gargiulo 1985) .
Partial local mate competition
The mating structures of L. houlardi and L. heterotoma can be classified as partial local mate competition (sensu Hardy 1994) , with some matings occurring onpatch and others occurring off-patch. On the one hand, on-patch mating arises because several individuals develop from the same patch, and this often leads to synchronous male and female emergence (i.e., about 80% of individuals emerge on the same patch and the same day as a potential mate). On patches where at least one male and one female emerge simultaneously, the probability of mate encounter will be increased by a daily protandry, with males starting to emerge slightly before females. Such a daily rhythm of emergence could be interpreted as an adaptation to male competition for access to females because males emerging first may encounter more females (Fagerstrom and Wiklund 1982, Pompanon et al. 1995) . On the other hand, other mechanisms, including male dispersal and orientation to virgin females promote off-patch mating. Off-patch mating may concern individuals that emerge in the absence of con specific individuals (about 20'%) as well as individuals emerging with potential mates. If males detect virgin females from a distance, they may immigrate to emergence sites and compete with local males, as hypothesized by Nunney and Luck (1988) . This type of off-patch mating has been observed as one possible type in other wasps such as P. vindemiae (Nadel and Luck 1992) , Apanteles glomeratus (Tagawa and Kitano 1981) , Encarsia sp. (Kajita 1989) , or Spa/angia cameroni (Myint and WaIter 1990) . Such mating structures with both on-patch and off-patch mating are probably widespread in parasitoids. As Hardy (1994) concluded from a careful review of mating structures in 22 parasitoid species, "fully local mating is probably the exception rather than the rule in gregariously and quasi-gregariously developing parasitoids".
Male dispersal, sex pheromones and possible reasons for off-patch mating
The key element in partial LMC is off-patch mate attraction. Our study suggests that virgin females L. boulardi and L. heterotoma emit a volatile sex pheromone to attract males from a distance. This pheromone is sex-specific (mated females do not attract males) and species-specific (males fly only to conspecific females). Surprisingly, such volatile sex pheromones used for long distance mate attraction are not only widespread in solitary parasitoids; they can be found in a number of gregarious and quasi-gregarious parasitoid species. We reviewed the published literature on longdistance volatile sex pheromones (excluding courtship pheromones) and found reports of 21 species using sex pheromones for mate finding. Among these 21 species, 13 are quasi-gregarious (Table 5) . This evidence for a behavioral mechanism facilitating off-patch mating reinforces Hardy's (1994) conclusion that off-patch mating may be frequent in gregarious and quasi-gregarious parasitoids. Moreover, these findings raise the question of why such mating structures have evolved. When mates are spatially and temporally predictable at their emergence sites, why do females produce perhaps metabolically costly sex pheromones, and why do males disperse from their emergence patch with the risk of finding no females?
This question finds at least three possible answers. First, by dispersing from their natal patch, males and females may avoid mating with related individuals, which would be advantageous if sib-mating adversely affected fecundity or viability. Brood-mate avoidance has been observed in Bracon hebetor (Ode et a1. 1995) , and a rare-male mating advantage has been observed in Nasonia vitripennis (Grant et a1. 1974) , two species known to suffer inbreeding depression (Saul et a1. 1965, Petters and Mettus 1980) . However, this hypothesis does not hold for L. boulardi which does not suffer inbreeding depression (Biemont and Bouletreau 1980) . Generally. parasitoids should not experience adverse effects of inbreeding because deleterious recessive alleles should be eliminated through inevitable exposure when occurring in haploid males (Smith and Shaw 1980) . Second, if females gain more by being large than males, sons should be laid in small hosts and daughters in large hosts (Charnov et a!. 1981) . For quasi-gregarious parasitoids, off-patch mating would allow mothers to lay sons in patches with small hosts and daughters in patches with large hosts, and thus, to take advantage of host size heterogeneity among patches (lkawa et al. 1993) . Such a strategy would result in a bimodal distribution of sex ratios among patches. This is not what we found in L. boulardi (Fig. 6 ), but the distribution pattern was not as clear in L. heterotoma. In this latter species, a non-negligible proportion of patches produced either males (14%) or females (19%). However, the other mode of the distribution was for sex ratios of 0.5-0.6, so that it is not clear whether or not these data support the model of lkawa et a1. (1993) . Third, offpatch mating in gregarious and quasi-gregarious parasitoids could be an advantage if males and females did not always emerge synchronously, as observed in L. boulardi and L. heterotoma. Females attracting males from other patches via their sex pheromone would start reproducing before those waiting for males emerging from the same patch on subsequent days, and would have a selective advantage if asynchronous emergence was frequent enough. Asynchronous emergence is the 
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candidate hypothesis to explain the evolution of partial LMC in L. boulardi and L. heterotoma. However, the opposite reasoning holds as well: if mates can find one another off-patch, males and females developing on the same patch would not need to emerge simultaneously. From our study, whether synchronous male and female emergence is a cause or a consequence of partial LMC remains an open question.
